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INTRODUCTION 
Character is t ics  of  suspended sol ids ,  including total  suspended matter (TSM), 
t o t a l  suspended inorganics (TSI),  t o t a l  suspended organics (TSO) , p a r t i c l e  size 
d i s t r i b u t i o n  (PSD), and the presence of  the 10 most prominent  par t ic le  types  
were determined in  coopera t ion  wi th  a NOAA/NASA program en t i t l ed  Supe r f lux .  
Super f lux  c ru ises  were made i n  March, June  and  October, 1980. 
The da ta  set  descr ibed below w a s  determined from samples taken i n  October 
during a port ion  of   Superf lux I11 known as   the  racetrack  mission.  The R/V 
Langley (NASA) , R/V Linwood Holton (ODU) , R/V John Smith (VIMS) , and NOAA Ship 
Kelez  s imultaneously  col lected  samples   a long  four   t ransects   ( f ig .  1). Samples 
were co l lec ted  wi th in  a 2-hour per iod  tha t  co inc ided  wi th  the  maximum ebb 
penetrat ion of  Chesapeake Bay outwel l ing  ( tab le  1) .  The o b j e c t i v e  o f  t h i s  
por t ion  of the  s tudy  was t o  d e t e r m i n e  t h e  p a r t i c l e  s i z e  c h a r a c t e r i s t i c s  and 
contents of the Chesapeake Bay outwel l ing and adjacent  shelf  waters .  
METHODS 
Sixty-one samples were co l l ec t ed  a t  s ix t een  s t a t ions  du r ing  the  Oc tobe r  15 
racetrack  mission. Samples  were t a k e n  a t  t h e  s u r f a c e ,  -3  m, -8 m,  and 1 m 
above the  bottom t o  o b t a i n  maximum ver t ica l  representa t ion  of  the  water  column. 
Equipment l imitat ions did not  permit  sampling of the  1 m above bottom samples 
a t  s t a t i o n s  800, 801, and 801A. Five-hundred-mill i l i ter   samples were taken 
from 8 l i t e r  N i s k i n  b o t t l e s  a n d  r e f r i g e r a t e d  t o  i n h i b i t  growth f l u c t u a t i o n s  
of  organisms i n  t h e  s a m p l e .  P a r t i c l e  s i z e  a n a l y s i s  was done within 24 hours 
of co l lec t ion  us ing  a Model T A - I 1  Coulter Counter.  Instrument calibration 
was performed p r i o r  t o  a n a l y s i s  u s i n g  an azide-free ISOTON I1 e l e c t r o l y t e  
so lu t ion  and following standard procedures.  
Each sample w a s  analyzed for 150 s using a 400-pm ape r tu re  tube t h a t  
provided a s ize  range  of  5 t o  200 pm. Each analysis produced a s i ze -d i s t r ibu -  
t ion histogram, a t o t a l  count  of  par t ic les  and a percent  volume o f  t he  to t a l  
populat ion for  each of 16 different  s ize  c lasses .  Pr imary and secondary s ize  
modes of  the t o t a l  s ize  f requency  d is t r ibu t ion  were used t o  determine the 
areal and v e r t i c a l  c o n t i n u i t y  o f  s i z e  modes in  wa te r s  i n  and  ad jacen t  t o  the  
entrance t o  Chesapeake Bay (table 2 ) .  
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OBSERVATIONS AND RESULTS 
Discussion 
Total counts ranged from 30,000 t o  500,000 p a r t i c l e s  per 150-s time 
i n t e r v a l .  The three predominant size modes tha t  reoccurred  in  samples  were 
8 t o  10 pm, 20 t o  25 pm and 64 t o  80 pm. The t w o  smaller s i ze  r anges  
apparent ly  corresponded to  inorganic  par t ic les ,  such as clay and s i l t ,  and to  
f locs  o f  t hese  pa r t i c l e s .  The l a r g e s t  s i z e  mode apparent ly  had an offshore 
sou rce  tha t  cons i s t ed  of a var ie ty  of  large diatom species ,  many of which were 
centr ic   diatoms.   Invariably,   samples   with  larger   total   counts   corresponded 
to  those  popula t ions  wi th  smal le r  dominant  s ize  modes, whereas the samples 
with lower counts corresponded t o  t h e  l a r g e r  modes. 
Sheldon and Parsons (ref. 1) discussed the relationship between particle 
diameter and concentrat ion of suspended matter i n  an estuary and i n  c o a s t a l  
wa te r  fo r  t empera t e  l a t i t udes .  Pa r t i c l e  s i ze  d i s t r ibu t ion  fo r  e s tua r ine  
silt  cons is ted  la rge ly  of  f loccula ted  masses of  very  smal l  inorganic  par t ic les ,  
t he  p r inc ipa l  cons t i t uen t  be ing  qua r t z  ( f ig .  2 ) .  Peak concentrat ions were 
i n  t h e  10 pm size range. Sheldon and P a r s o n s  a l s o  i l l u s t r a t e d  t h a t  
t h e  s i z e  d i s t r i b u t i o n  of pa r t i c l e s  i n  qu ie scen t  coas t a l  wa te r s  had l a r g e r  
par t ic les  bu t  the  concent ra t ion  of  mater ia l  in  suspens ion  w a s  lower ( f i g .  3 ) .  
The p a r t i c l e  d i s t r i b u t i o n  showed modes a t  20 u m ,  50 pm, and 100 pm with the 
la t te r  cor responding  to  the  h ighes t  concent ra t ion .  The dominant s i z e  c l a s s  
throughout  the  Superflux I11 s tudy  area  w a s  t h e  20 t o  25  pm diameter  range. 
The 20 t o  25 pm s i z e  mode apparently had a polygenet ic  or ig in .  When it was 
assoc ia ted  wi th  the  8 t o  1 0  pm mode, the populat ion was apparent ly  composed 
of  inorganic  mater ia l  forming larger  aggregates .  In  the presence of  larger  
s i z e  modes, the  20 t o  25 pm mode w a s  probably produced by a variety of diatom 
s p e c i e s  t h a t  f a l l  i n  t h i s  r a n g e .  A r e a l  p a t t e r n s  of the primary and  secondary 
s i z e  classes i l l u s t r a t e d  d i s t i n c t  areas charac te r ized  by s p e c i f i c  modes 
( f i g s .  4 t o  7 ) .  
Area 1 Pa t t e rns  
Surface water.- The extent  of  the 8 t o  1 0  pm s i ze  r ange  a t  t he  wa te r  
su r face  ind ica t e s  a po ten t i a l  sou rce  a s soc ia t ed  wi th  bo th  Chesapeake and 
Thimble Shoal Channels (fig. 4 ) .  Since the 8 t o  1 0  pm range is  considered 
most ly  inorganic ,  the  d is t r ibu t ion  of  th i s  s ize  range  may i l l u s t r a t e  a t i d a l l y  
d r iven  tu rb id i ty  plume.  Another  trend was t h a t  a s s o c i a t e d  w i t h  s t a t i o n  800, 
where the only mode p resen t  was the  8 t o  1 0  pm c lass .  This  anomaly may be 
r e l a t e d  t o  t u r b i d i t y  a s s o c i a t e d  w i t h  James River runoff or resuspension caused 
by high speed currents  in  the area.  Samples f r o m t h e o u t e r  p a r t  of the sample 
gr id  apparent ly  had p a r t i c l e s  more cha rac t e r i s t i c  o f  she l f  wa te r s .  The 
64 t o  80 pm s i z e  mode was the predominant  s ize  c lass  for  the waters .  
Intermediate  water ( - 3  m ) . -  The p a t t e r n  of s i z e  mode d i s t r i b u t i o n  a t  
intermediate  depths  w a s  similar t o  t h e  p a t t e r n  i l l u s t r a t e d  f o r  s u r f a c e  w a t e r  
( f i g .  5). The ex ten t  of water  containing the 8 t o  10 um s i z e  mode  was smaller  
and c lose r  t o  the  coas t  t han  the  r e spec t ive  d i s t r ibu t ion  fo r  su r face  wa te r .  
The apparent  inf luence of Chesapeake Channel water w a s  still  evident .  The 
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20 t o  25 pm c l a s s  i n  t h e  n o r t h e r n  p o r t i o n  o f  t h e  Bay mouth w a s  inf luenced by 
the turbid runoff of the North Channel and possibly by resuspens ion  of  par t ic les  
over shoals a t  t h e  d i s t a l  end o f . t he  channe l .  The 64 t o  80 pm s i z e  mode t h a t  
w a s  c h a r a c t e r i s t i c  o f  s h e l f  water had a similar d i s t r i b u t i o n  as descr ibed 
above f o r  s u r f a c e  water; however, i t  w a s  c l o s e r  t o  s h o r e  a t  intermediate  depths .  
Deep water (-8 m ) . -  A t  8 m t h e  d i s t r i b u t i o n  o f  t h e  8 t o  10 pm s i z e  mode 
w a s  con f ined  to  the  Chesapeake  Channel a r e a  ( f i g .  6 ) .  The s o u r c e  f o r  t h i s  
ma te r i a l  may have been from resuspension in  the upper  Bay o r  f r o m  resuspension 
i n  t h e  immediate area. Samples containing 64 t o  80 pm s i z e  particles were 
much c l o s e r  t o  t h e  Bay e n t r a n c e .  I f  t h i s  l a r g e r  s i z e  c l a s s  o f  particles w a s  
assoc ia ted  wi th  she l f  water, then it appea r s  t ha t  a near-surface plume (contain- 
ing the 8 t o  10 pm s i z e  c l a s s )  had par t ia l ly  over r idden  the  deeper  she l f  
water. The 20 t o  25 pm s i z e  mode w a s  p r e s e n t  i n  m o s t  samples everywhere. 
Near-bottom water (1 m above the seabed).-  Near-bottom water character-  
ized by the  64 t o  80 pm class extended toward the  axis of t he  Bay mouth ( f i g .  
7 ) .  While p a r t i c l e  s i z e  d a t a  i n  t h e  Bay entrance were no t  co l l ec t ed ,  i t  is 
be l ieved  tha t  she l f  water with 64 t o  80 pm par t ic les  migra ted  up the  axis of 
Chesapeake Channel. The 8 t o  1 0  pm s i z e  mode w a s  absent  as a primary o r  
secondary mode i n  t h e  samples co l l ec t ed  and the  20 t o  25 pm s i z e  mode w a s  
p re sen t  i n  most samples. 
Cross-sec t iona l  p lo ts  of s ize  f requency data  were made for  each of  the 
f o u r  t r a n s e c t s  t o  i l l u s t r a t e  v e r t i c a l  changes  (fig. 8 ) .  P r o f i l e  A shows a 
"tongue" of mostly inorganic, fine-grained material that corresponded to the 
a x i s  of  Chesapeake  Channel. The water mass with these f ine-grained character-  
i s t i c s  was t r aceab le  down the  coas t  for  about  2 2  km. South  of p r o f i l e  C ,  
the  8 t o  10 pm s i z e  mode w a s  a minor percent of the sample population. 
Beyond p r o f i l e  C ,  t h e  p a r t i c l e  s i z e  c h a r a c t e r i s t i c s  of shelf waters dominated 
the water column. 
CONCLUSIONS 
The d i s t r i b u t i o n  of primary and secondary particle size modes ind ica ted  
the  presence of a sur face   o r   near -sur face  plume, poss ib ly   assoc ia ted   wi th  
three   sources :  (1) runoff ,  ( 2 )  resuspension of ma te r i a l   w i th in   t he  Bay, and/or 
( 3 )  resuspension of  mater ia l  in  the area of s h o a l s  a t  t h e  Bay mouth. Additional 
support ive evidence for  this  conclusion was i l l u s t r a t e d  w i t h  Ocean Color 
Scanner (OCS) d a t a  ( r e f .  2 ) .  The OCS data showed an  obvious 
inc rease  in  wa te r  t u rb id i ty  a s soc ia t ed  wi th  Chesapeake Channel and in  water  
ad jacen t  t o  Cape Henry, Virginia .  This  corresponded with the par t ic le  s ize  
da t a  p re sen ted  above .  In i t i a l ly ,  it w a s  specula ted  tha t  tu rb id  water  
"outwelling" from the  Bay had an upper Bay source: however, OCS da ta  showed 
that  the upper  Bay was not  a p laus ib le  source .  The most l i k e l y  source was 
resuspension due t o  wave and cur ren t  ac t ion .  This  explana t ion  would have  been 
expected due to  drought  condi t ions  tha t  had e x i s t e d  f o r  s e v e r a l  months p r i o r  
to  the  survey .  
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TABLE 1. - SAMPLE  STATION DATA, OCTOBER 15, 1980 
I 
Vessel name S ta t ion   no .  Time Lat i tude   Longi t  Depth (m) 
,' R/V Langley 
R/V Holton 
804 
R / V  John Smith  805
70 
806 
80 7 
MOAA Sh ip  Kelez 808 
809 
8 2 1  
810 
811 
800 1018 36O 57.30' N 760  02.90' W " I 
801 1058 36O 59.20' N 760  00.60' W " 
80 1 A  1140 37O 02.10' N 750  56.8 ' W " 
69 10 20 36O 55.00' N 75O 58.00' W 11 
80 2 1105 36O 55.00'  N 75' 55.30' W 1 3  I I 
80 3 1133 36O 58.00' N 75O 51.50' W 11 I 
1225 
1017 
1047 
1127 
1148 
1010 
1050 
1125 
1148 
1244 
37O 01.02' N 
36O 52.00' N 
36' 52.40' N 
360  53.20' N 
36O 54.38' N 
360  45.50' N 
36O 46.40' N 
36O 47.42' N 
36O 47.67' N 
36' 48.73' N 
75O 44.20' W 
75O 56.00' W 
75' 53.50' W 
75O 48.60' W 
75O 41.07' W 
75O 54.70' W 
75O 49.00' W 
75O 42.52' W 
75O 41.12' W 
75' 32.26' W 
1 5  
11 
15 
15 
21  
10  
17  
19  
1 9  
25 
801 
80  1A 
69 
802 
803 
804 
TABLE 2.- PRIMARY AND SECONDARY  SIZE-MODES 
S ta t ion  Depth (m) Primary mode (pm) Secondary mode (um) 
80 0 Surf ace 8-10 " 
3 20-25 " 
8 20-25 " 
Surf  ace 20-25  8-10 
3 8-10  20-25 
8 20-25  8-10 
Surface 20-25 " 
3 8-  10 " 
8 20-25 " 
Surf ace 20-25  8-10
3 20-25  8-10 
8 20-25 " 
Bottom 20-25 " 
Surf  ace 20-25  8-10 
3 20-25  8-10 
8 20-25 " 
Bottom 20-25  50-64 
Surf  ace 20-25  64-80 
3 20-25 " 
8 20-25 " 
Bot tom 20-25 " 
Surface 20-25 " 
3 20-25  80-100 
8 20-25  64-80 
Bottom 20-25 " 
70 
806 
80 7 
808 
809 
TABU 2.- CONTINUED 
Station Depth (m) Primary mode (m) Secondary mode (m) 
805 Surf  ace 20-25 8-10 
3 20-25 8- 10 
8 16-20  64-80 
Bottom 20-25 " 
Surface 20-25  8-10 
3 20-25  8-10 
8  16-20  64-80 
Bottom 20-25 " 
Surface 8- 10 20-25 
3 20-25 64-80 
8  16-25 " 
Bot tom 20-25  80-100 
Surface 20-25 64-80 
3 16-25 " 
8  16-25  64-80 
Bottom 20-25 " 
Surf  ace 20-25  64-80 
3 20-25 64-80 
8 20-25 " 
Bottom 16-25 " 
Surf  ace 20-25 64-80 
3 20-25 " 
8 80-100 20-25 
Bot tom 50-64 20-25 
810 
811 
TABLE 2. - CONCLUDED 
Station Depth (m) Primary mode (Fun) Secondary mode (m) 
82 1 Surface 80-100 " 
3 25-32 64-80 
8  80-100 " 
Bottom 64-100 " 
Surf ace 80-100  20-25 
3 80-100 " 
8 64-80 " 
Bottom 64-80  25-32 
Surf ace 80-100  20-25 
3 64-80  16-20 
8  80-100  20-25 
Bottom 20-25  80-100 
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Figure 1.- Map showing s t a t i o n  l o c a t i o n s .  
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Figure  2.- P a r t i c l e  s i z e  d i s t r i b u t i o n  f o r  e s t u a r i n e  silt. The 
material c o n s i s t e d  l a r g e l y  of f l o c c u l a t e d  masses of 
very  small i n o r g a n i c  p a r t i c l e s ,  t h e  p r i n c i p a l  con- 
s t i t u e n t  b e i n g  q u a r t z  (from  ref. 1). 
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3.- P a r t i c l e  s i z e  d i s t r i b u t i o n  € o r  coastal waters where a 
predominance of organisms is ev iden t  (from ref. 1). 
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Figure  4.- Sur face  d i s t r ibu t ion  o f  p r imary  and  secondary  s i ze  modes. 
The  numbers a s s o c a i t e d  with e a c h  s t a t i o n  r e p r e s e n t  t h e  
pr imary and secondary s ize  modes for  the sample popula-  
t i o n  b a s e d  on t h e  p e r c e n t  volume of the sample populat ion.  
Figure 5.- D i s t r i b u t i o n  of pr i r r i ry  and  secondary  s ize  modes a t  
a depth of 3 m. 
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Figure 6 . -  Distribution of primary and secondary  size  modes at 
a  depth of 8 m. 
Figure 7.- Near-bottom distribution of primary  and secondary 
size modes. 
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Figure 8.- Profiles of transects A, B, C, and D illustrating  the 
distribution of primary and secondary  size  modes 
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